###### Strengths and limitations of this study

-   This study is the first to have validated International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9) codes for incident breast cancer cases in three large computerised administrative databases in Italy using the same case definition.

-   Case ascertainment was based on the presence of a primary nodular lesion in the breast documented by imaging and a cytological or histological documentation of cancer from a primary or metastatic site.

-   This study followed recommended guidelines based on the criteria published by the Standards for Reporting of Diagnostic accuracy initiative for the accurate reporting of investigations of diagnostic studies.

-   The validated ICD-9 codes for non-invasive and invasive cancer are limited to inpatient setting.

-   The sample size of women with carcinoma in situ was limited due to the low prevalence of disease.

Introduction {#s1}
============

The use of administrative databases is increasingly growing in various healthcare settings worldwide. These databases anonymously store data about residents regarding the healthcare assistance they receive including hospital admission, demographic data and disease treatment. Usually, the diagnosis of the disease is associated with a specific code from the International Classification of Diseases, Ninth Revision (ICD-9) or 10th Revision (ICD-10) edition. The ICD is designed to map health conditions to corresponding generic categories together with specific variations.[@R1] The networking of individual patient data from administrative databases and other sources such as outpatient data and prescription data allows monitoring population health status, performing outcome research[@R2] and exploring a wide range of significant public health questions.[@R2]

In administrative databases, while non-clinical data such as demographic or prescription data are highly accurate,[@R5] the accuracy of diagnoses and procedures needs to be determined.[@R6] Typically, the assessment of accuracy consists in confirming the reliability of information within the databases with the corresponding clinical records of patients.[@R5] To reach this goal, the content of administrative healthcare databases needs to be appropriately validated.

In Italy, all the Regional Health Authorities maintain large healthcare information systems containing patient data from all hospital and operative sources. These databases have the potential to address important issues in postmarketing surveillance,[@R8] epidemiology,[@R10] quality performance and health services research.[@R11] However, there is a concern that their considerable potential as a source of reliable healthcare information has not been realised since they have not been widely validated.[@R12]

Breast cancer is the most commonly diagnosed neoplasm in women worldwide, as well as in Italy.[@R13] Variation in the epidemiology of breast cancers,[@R14] potential heterogeneity in treatment (pharmacological or surgical) and potential clinical[@R15] and economic outcomes[@R17] can all be evaluated using validated administrative databases. Hence, assessing the accuracy of Italian administrative databases in identifying women with this oncological disease is relevant for the scientific community, the governments, as well as the industry.

As reported in our protocol,[@R20] the objective of the present study was to evaluate the accuracy of the ICD-9-Clinical Modification (CM) codes related to breast cancer in correctly identifying the respective diseases using three large Italian administrative healthcare databases.

Methods {#s2}
=======

Setting and data source {#s2a}
-----------------------

### Administrative databases {#s2a1}

The target administrative databases were represented by the Umbria Region (890 000 residents), Local Health Unit 3 of NA (1 170 000 residents) and the Friuli Venezia Giulia (FVG) Region (1 227 000 residents). The corresponding operative units, the Regional Health Authority of Umbria (for Umbria Region), the Registro Tumori Regione Campania (for Napoli Sud Local Health Unit) and the Centro di Riferimento Oncologico Aviano (for FVG Region), conducted the same validation process.

In Italy, regional and local healthcare administrative databases routinely collect data from all patient medical records from public and private hospitals including demographics, hospital admission and discharge dates, vital statistics, the admitting hospital department, the principal diagnosis and a maximum of five secondary discharge diagnoses and the principal, and up to five secondary surgical or pharmacological treatments and diagnostic procedures. Each resident has a unique national identification code with which it is possible to link the various types of information, corresponding to each person, within the database. In Italy, healthcare is covered almost entirely by the Italian National Health System, therefore, most residents' significant healthcare information can be found within the healthcare databases.

### Source population {#s2a2}

The source population was represented by permanent residents aged 18 or above of Umbria Region, Local Health Unit 3 of NA and FVG Region. Any resident that has been discharged from hospital with a diagnosis of breast cancer was considered. Residents that have been hospitalised outside the regional territory of competence were excluded from analysis.

### Patient and public involvement {#s2a3}

Patients were not directly involved. This was a retrospective study based on the consultation of medical charts‥

### Case and control selection and sampling method {#s2a4}

In each administrative database, patients with the first occurrence of diagnosis of breast cancer between 1 January 2012 and 31 December 2014 were identified using the following ICD-9-CM codes (index test) located in primary position: (1) 233.0 for carcinoma in situ of the breast and (2) 174.x for invasive breast cancer. Estimated prevalent cases, that is, cases with the same diagnosis (ICD-9-CM codes in any position) in the 5 years (2007--2011) before the period of interest, were excluded.

For controls, within the same period, non-cases, that is, 94 female patients having in primary position a diagnosis of cancer (ICD-9 140--239) other than invasive breast cancer (ICD-9 174.0--174.9) or carcinoma in situ of the breast (ICD-9 233.0), were randomly selected.

Subsequently, for each of the above reported groups of ICD-9-CM codes, random samples of cases and non-cases were selected from each administrative database.

### Chart abstraction and case ascertainment {#s2a5}

The medical charts of the randomly selected samples of cases and non-cases were obtained from hospitals for the validation task (considered as the reference standard). From each medical chart, the following information was retrieved: clinical chart number, hospital and ward, date of birth, sex, dates of hospital admission and discharge, signs and symptoms, any diagnostic procedures that contributed to the diagnosis of the cancer, any pharmacological or surgical interventions that were provided for the treatment of the cancer.

Within each unit, two reviewers received training on data abstraction and performed an initial consensus chart review, independently examining the same number of medical charts (n=20). The inter-rater agreement regarding the presence or absence of breast cancer among the pairs of reviewers within each unit was near perfect (κ statistics \>0.91).

Case ascertainment of cancer within medical charts was based on (1) the presence of a primary nodular lesion in the breast documented by imaging and (2) the cytological or histological documentation of cancer from a primary or metastatic site.

Following the consensus review, data abstraction was completed independently. To ensure consistency among all the reviewers, cases with uncertainty were discussed and resolved through the involvement of an oncologist (RC).

### Validation criteria {#s2a6}

For non-invasive breast cancer, we considered the ICD-9-CM code 233.0 valid when there is evidence of a breast nodule documented with imaging (eg, mammography) and a histological diagnosis of ductal or lobular breast carcinoma in situ (pTis).

For invasive breast cancer, we considered the ICD-9-CM codes 174.x valid when there is evidence of a breast nodule documented with imaging (eg, mammography) and a cytological or histological diagnosis from a primary or metastatic site positive for ductal or lobular adenocarcinoma.

### Statistical analysis {#s2a7}

We calculated that a sample of 130 charts of cases was necessary to obtain an expected sensitivity of 80% with a 95% CI of 72% to 86% according to binomial exact calculation.[@R21] For specificity calculation, we randomly selected non-cases, that is, records without the ICD-9 codes of interest from administrative database. For controls, we calculated a sample of 94 charts of non-cases was necessary to obtain an expected specificity of 90% with a 95% CI of 83% to 95% according to binomial exact calculation.[@R21]

Sensitivity and specificity with relative 95% CIs were calculated separately for each ICD-9-CM code by constructing 2×2 tables.

When missing medical charts occurred, we performed a formal sensitivity analysis based on a worst-case scenario in which the missing cases were considered as false positive and the missing-non cases were considered false negative.

Results {#s3}
=======

Invasive breast cancer {#s3a}
----------------------

After excluding the estimated prevalent cases from the diagnosis of invasive breast cancer in the primary position of hospital discharges, the cases were 2686, 2044 and 2107 from Umbria, NA and FVG, respectively. Subsequently, each team randomly sampled 130 cases of which the corresponding medical charts were requested for evaluation. Two and four medical charts were not available from Umbria and NA, respectively. [Figure 1](#F1){ref-type="fig"} displays the identification of cases from the three operative units. For the non-cases, that is, female patients having a diagnosis of cancer (ICD-9 140--239) other than invasive breast cancer (ICD-9 174.0--174.9), each unit randomly selected 94 medical charts. One medical chart of non-cases from Umbria was missing.

![Flow chart of incident cases identification using the administrative databases and the corresponding charts identified and examined.](bmjopen-2017-020627f01){#F1}

The most common ICD-9-CM subgroup was the code 174.4, that is upper-outer quadrant breast cancer, accounting for 45% of cases for Umbria, 34% for NA and 35% for FVG. The mean age ranged between 61 and 66 years. The majority of the cases were identified in surgical departments with a percentage ranging from 84% to 94%. The types of surgical intervention were similar across the three operative units with quadrantectomy being the most reported surgical intervention. [Table 1](#T1){ref-type="table"} describes the basic characteristics of the incident cases across the three units. The sensitivities were 98% (95% CI 93% to 99%) for Umbria, 96% (95% CI 91% to 99%) for NA and 100% (95% CI 97% to 100%) for FVG. The specificities were 90% for Umbria, and 91% for NA and FVG. Accuracy results with their CIs are displayed in [figure 2](#F2){ref-type="fig"}.

![Sensitivity and specificity results for ICD-9-CM codes related to breast carcinoma in situ and invasive breast cancer for the three administrative databases. ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.](bmjopen-2017-020627f02){#F2}

###### 

Characteristics of patients with breast cancer who were identified in the three administrative healthcare databases

  -------------------------------------------------------------------------------------------------------------
  Characteristics                                     Unit 1\    Unit 2\              Unit 3\
                                                      (Umbria)   (ASL Napoli 3 Sud)   (Friuli Venezia Giulia)
  --------------------------------------------------- ---------- -------------------- -------------------------
  Invasive carcinoma                                                                  

   Incident cases\                                    128        126                  130
   (N medical chart reviewed)                                                         

  ICD-9 code                                                                          

   174.0 nipple and areola                            --         1 (1)                --

   174.1 central portion                              16 (13)    10 (8)               6 (5)

   174.2 upper-inner quadrant                         4 (3)      8 (6)                14 (11)

   174.3 lower-inner quadrant                         6 (5)      5 (4)                9 (7)

   174.4 upper-outer quadrant                         57 (45)    43 (34)              45 (35)

   174.5 lower-outer quadrant                         6 (5)      5 (4)                13 (10)

   174.6 axillary tail                                --         --                   --

   174.8 other specified sites of the female breast   --         --                   --

   174.9 breast female, unspecified                   7 (5)      38 (30)              34 (26)

   174.0 nipple and areola                            32 (25)    16 (13)              9 (7)

  Admission to department                                                             

   Medical                                            20 (16)    11 (9)               8 (6)

   Surgical                                           108 (84)   115 (91)             122 (94)

  Age, N (%)                                                                          

   \<40                                               9 (7)      6 (5)                1 (1)

   40--59                                             40 (31)    56 (44)              45 (35)

   ≥60                                                79 (62)    64 (51)              84 (65)

  Instrumental diagnosis                                                              

   Breast ultrasound                                  39 (30)    88 (70)              5 (4)

   Mammography                                        54 (42)    60 (48)              7 (5)

   CT scan (breast)                                   11 (8)     1 (1)                2 (2)

   MRI (breast)                                       3 (2)      17 (14)              8 (6)

  Surgical procedures                                                                 

   Mastectomy                                         28 (22)    29 (23)              35 (27)

   Quadrantectomy                                     79 (62)    73 (58)              54 (42)

  Histological documentation                                                          

   Needle aspiration                                  32         34                   --

   Needle biopsy                                      27         40                   5

   Nodule (after surgical intervention)               115        117                  112

  Carcinoma in situ                                                                   

  Incident cases\                                     50         88                   108
  (N medical chart reviewed)                                                          

  ICD-9 code                                                                          

   233.0                                              50 (100)   88 (100)             108 (100)

  Admission to department                                                             

   Medical                                            --         7 (8)                --

   Surgical                                           50 (100)   81 (92)              108 (100)

  Age, N (%)                                                                          

   \<40                                               2 (4)      3 (3)                1 (1)

   40--59                                             27 (54)    50 (57)              52 (48)

   \>60                                               21 (42)    35 (40)              55 (51)

  Instrumental diagnosis                                                              

   Breast ultrasound                                  3 (6)      65 (74)              30 (28)

   Mammography                                        6 (12)     37 (42)              39 (36)

   CT scan (breast)                                   --         --                   --

   MRI (breast)                                       2 (4)      22 (25)              4 (4)

  Surgical procedures                                                                 

   Mastectomy                                         18 (36)    13 (15)              15 (14)

   Quadrantectomy                                     32 (64)    47 (53)              55 (52)

  Histological documentation                                                          

   Needle aspiration                                  --         16 (18)              1 (1)

   Needle biopsy                                      8 (16)     53 (60)              4 (4)

   Nodule (after surgical intervention)               50 (100)   77 (88)              94 (87)
  -------------------------------------------------------------------------------------------------------------

ICD-9, International Classification of Diseases, Ninth Revision.

In terms of misclassification, overall there were 28 cases that were considered false positives. The reasons for this misclassification were: histological documentation missing in the medical chart (six in Umbria, eight in NA and eight in FVG) and negative histology for invasive breast cancer (four in Umbria, one in NA and one in FVG). However, of these false positive cases with negative histology for invasive breast cancer, three were positive for breast carcinoma in situ diagnosis. Conversely, there were eight non-cases that were judged false negatives: two were possible breast cancer diagnosis and six were metastatic breast diagnoses ([table 2](#T2){ref-type="table"}).

###### 

Reason for misclassification of cases and controls

  -----------------------------------------------------------------------------------------------------------------------
                             Type of misclassification          Unit 1\    Unit 2\              Unit 3\
                                                                (Umbria)   (ASL Napoli 3 Sud)   (Friuli Venezia Giulia)
  -------------------------- ---------------------------------- ---------- -------------------- -------------------------
  Invasive breast cancer                                                                        

                             False positives                                                    

  1                          Histological examination missing   6          8                    8

  2                          Negative histology                 4          1                    1

                               (1) Carcinoma in situ            2                               1

  Total                                                         10         9                    9

                             False negative                                                     

  1                          Possible breast cancer relapse     1          1                    --

  2                          Metastatic breast cancer           2          4                    --

  Total                                                         3          5                    --

  Breast carcinoma in situ                                                                      

                             False positives                                                    

  1                          Histological examination missing   --         8                    2

  2                          Negative histology                 2          7                    9

  Total                                                         2          15                   11

                             False negative                                                     

  1                          Possible carcinoma in situ         --         --                   --
  -----------------------------------------------------------------------------------------------------------------------

Overall, there were six missing charts: two in Umbria and four in NA. Worst-case scenario in the sensitivity analysis showed that specificity was affected marginally: it changed from 90% to 88% for Umbria and from 91% to 87% for NA. The differences between the ordinary results and the worst-case scenario analysis were not statistically significant.

Breast carcinoma in situ {#s3b}
------------------------

The incident cases of carcinoma in situ of the breast were 50 from Umbria, 95 from NA and 137 from FVG, from which 50, 95 and 108 were randomly selected and the corresponding medical charts were requested for assessment ([figure 1](#F1){ref-type="fig"}). Seven charts from NA were not available. For the non-cases, that is, female patients having a diagnosis of cancer (ICD-9 140--239) other than carcinoma in situ of the breast (ICD-9 233.0), each unit randomly selected 94 medical charts. One medical chart of non-cases from Umbria was missing.

The mean age ranged between 57 (NA) and 60 years (FVG). Most of the cases were identified in surgical departments with a percentage ranging from 92% to 100%. The types of surgical intervention were similar across the three operative units with quadrantectomy being the most reported surgical intervention. [Table 1](#T1){ref-type="table"} describes the basic characteristics of the incident cases across the three units.

After reviewing the medical records, 100% (48/48) of the patients with carcinoma in situ of the breast from Umbria, 100% (73/73) from NA and 100% (97/97) from FVG were correctly identified by the administrative databases. The specificities were 98% for Umbria, 86% for NA and 90% for FVG. Accuracy results with their CIs are displayed in [figure 2](#F2){ref-type="fig"}.

[Table 2](#T2){ref-type="table"} describes the reasons for misclassification of cases and controls. Overall, there were 28 cases that were judged false positives. The reasons were histological documentation missing in the medical charts (eight in NA and two in FVG), and negative histology for carcinoma in situ of the breast (two in Umbria, seven in NA and nine in FVG). None of the controls resulted a false negative.

The sensitivity analysis showed that specificity for NA codes reduced to 81% (95% CI 73% to 88%) due to the seven charts of missing cases but the difference was not however statistically significant.

Discussion {#s4}
==========

We developed a case definition of breast cancer based on the presence of a primary nodular lesion in the breast documented with imaging and the cytological or histological documentation of cancer from a primary or metastatic site and the performance of the model was evaluated in terms of sensitivities and specificities for the three administrative databases. After revising the medical charts, the results showed that both codes (233.0 and 174.x) performed well in identifying new cases of hospitalised women with breast carcinoma in situ and invasive breast cancer, respectively.

Previously, researchers have assessed the accuracy of breast cancer diagnosis in administrative databases using different algorithms and in most cases using registry data as a reference standard.[@R22]

In 2008, an Italian study developed and validated an algorithm using a regional administrative database to determine incident cases of breast, lung and colorectal cancers.[@R23] The study found a sensitivity of 77% for breast cancer[@R23] and the lower value of sensitivity compared with our results can be attributed to the fact that in Baldi *et al* the validity of the algorithm for each cancer site was assessed by individual matching between cases in hospital discharge and the Piedmont Cancer Registry or because authors were interested in high values of positive predictive value (PPV). Using the Surveillance, Epidemiology and End Results (SEER) database as a reference standard, Freeman *et al* developed an approach for identifying incident breast cancer cases based on a logistic regression model, which contained variables that indicate the presence of breast cancer-related diagnoses and procedures in three sources of claims data: hospital inpatient stays, hospital outpatient services and physician services. The Receiver operating characteristic (ROC) curve showed that the model achieved over 90% of sensitivity and specificity although a lower PPV.[@R24] Similarly, using the Medicare database, Setoguchi *et al* developed a case definition based on diagnoses and procedure codes and compared it with SEER database in Pennsylvania, USA. The authors obtained a sensitivity and specificity for identifying breast cancer cases of 83% and 99%, respectively.[@R25] Using the cancer registry data as reference standard, Kemp *et al*[@R26] evaluated Australian administrative and self-reported datasets to identify cases of invasive breast cancer and used several combinations of diagnoses and procedures obtaining the highest sensitivity and PPV (both 86%) when a flag of 'diagnosis of invasive breast cancer' was used. A systematic review of administrative databases that validated breast cancer is currently being completed and will provide a complete account of validation of administrative databases worldwide.[@R22]

Strength and limitation {#s4a}
-----------------------

Strengths of our study include complete transparency based on prepublication of a protocol, the use of detailed and explicit eligibility criteria, and the use of duplicate and independent processes for medical chart review and abstraction following recommended guidelines based on the criteria published by the Standards for Reporting of Diagnostic accuracy (STARD) initiative for the accurate reporting of investigations of diagnostic studies.[@R27] In addition, we used as a required element for validation the presence of a histological or cytological documentation. Unlike several studies that used Cancer Registries to validate breast cancer codes, in the present study medical records were reviewed directly to evaluate the accuracy of potential cases obtained from the administrative database. Generally, medical charts are considered the gold standard for the diagnosis of a disease. Cancer registries are considered also the gold standard as they produce data over decades and increasingly include data sources,[@R30] which allow complete registration of cases treated in an outpatient setting. This is relevant for the exclusion of prevalent cases and multiple primaries as well as for particular cancer sites or patients (eg, oldest old) but at a higher cost.[@R31]

Conversely, the information of administrative healthcare databases is generally limited to the information obtained from the hospital discharge register that contain the primary and secondary diagnoses, the surgical or invasive diagnostic approaches performed as well as chemotherapy or radiotherapy. When adequately validated, these databases can provide important data such length of stay and related costs,[@R31] important outcomes such as adverse events[@R32] as well as variations in healthcare resource utilisation.[@R34] Indeed, administrative databases are readily available for the whole of Italy, whereas cancer registry data are not. Thus, our proposed validation method using a well-defined case definition can be a good alternative in settings in which cancer registries are not available in Italy.[@R20] Our study confirms that hospital discharge data can be used for some specific purposes (eg, identification of breast cancer cases treated at a given hospital in a study on caseload). For other aims we would recommend further refinement, even if the validity of the cancer coding is valid (eg, to provide reliable estimates of breast cancer incidence hospital discharge data should be available for many years and possibly complete anatomic pathology archives should be linked to it too).

We acknowledge specific limitations to our study. The overall number of carcinoma in situ cases identified in the three units during the period of interest was below the calculated sample size and we are unsure whether this limitation can affect the results of sensitivity and specificity for the breast carcinoma in situ ICD-9-CM code. Indeed, within the figure of the overall breast cancer diagnoses, carcinoma in situ cases diagnosed within hospitals are under-represented and any future epidemiological assessment will need to take it into account trying possibly to clarify the reason.

In addition, our assessment was limited to hospitalised patients and does not consider new cases of cancer who had the diagnoses in day hospital or day surgery. Although these cases are limited (eg, 16 carcinoma in situ cases diagnosed in day surgery or day hospital in Umbria across the 3 years and 3.8% invasive breast cancer diagnosed in day surgery or day hospital in Umbria across the 3 years), further research can be addressed the validity of ICD-9 codes in outpatient setting.

In addition, we had a higher false positive rate than false negative rate. The number of false positives is due to our stringent case ascertainment criteria, that is, the presence in the clinical chart of both imaging and histological documentation of breast cancer within the same medical chart. Twenty-two false positives cases for the invasive breast cancer and 10 false positives cases for the carcinoma in situ were due to histological documentation missing in the medical chart ([table 2](#T2){ref-type="table"}). This does not necessarily mean that the subjects were without the diagnosis of cancer. These cases had other elements in the medical chart such as imaging, chemotherapy or radiotherapy, that could confirm the presence of the disease. Should we have used broader case ascertainment criteria, we could have obtained a lower false positive rate. Estimates of specificity for invasive carcinoma in our three databases were high ranging from 90% to 91%. For carcinoma in situ specificity was acceptable for Napoli 3 Sud (86%) and high for FVG and Umbria (90% and 98% respectively).

In terms of generalisability, despite the success of validation processes of administrative database, any conclusion that stems from these validated database could not be generalised in other settings.

As declared in our protocol, we favoured the estimation of sensitivity and specificity rather than predictive values since predictive values are dependent on the prevalence of the disease. However, to comply with the STARD guidelines, we provide absolute numbers for true or false case and non-cases from which it is possible to obtain predictive values ([table 3](#T3){ref-type="table"}).

###### 

Cross-tabulation of the index test (International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-9-CM code) results by the results of the reference standard (medical chart)

  --------------------------------------------------------------------------------------------
  Type of breast cancer\      Operative unit   True\       False\      True\       False\
  (ICD-9-CM)                                   Positive\   Positive\   Negative\   Negative\
                                               (TP)        (FP)        (TN)        (FN)
  --------------------------- ---------------- ----------- ----------- ----------- -----------
  Invasive cancer\            Unit 1\          118         10          90          3
  (174.x)                     (Umbria)                                             

  Unit 2\                     117              9           89          5           
  (ASL Napoli 3 Sud)                                                               

  Unit 3\                     121              9           94          0           
  (Friuli Venezia Giulia)                                                          

  Carcinoma in situ (233.0)   Unit 1\          48          2           93          0
                              (Umbria)                                             

  Unit 2\                     73               15          94          0           
  (ASL Napoli 3 Sud)                                                               

  Unit 3\                     97               11          94          0           
  (Friuli Venezia Giulia)                                                          
  --------------------------------------------------------------------------------------------

Conclusion {#s5}
==========

In summary, the present study has demonstrated that administrative healthcare databases from Umbria, NA and FVG can be used to identify hospitalised women with newly diagnosed invasive or in situ carcinoma of the breast. The proposed case definition in the present study provides a powerful tool to perform outcome research on breast cancer based on a population of three million residents. Potential implication of this proposal includes the extension of this case definition to other Italian regional healthcare databases and the combination with other sources of data (such as prescription database) to conduct efficiently quality of care, healthcare research and pharmacoepidemiological studies that may complement randomised trials.
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